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CreernG PAGE REANK NOT FILMED
ABSTRACT

Under a previous NASA contract and reported in CR-114289 methods for pre~
dicting the performance, noise, weight, and cost of propellers for advanced general
aviation aircraft of the 1980 time pariod were developed and computerized, Under
the present contract this basic program was refined to incorporate a method of {nclud-
ing tho blade shape parameter, integrated design lift coofficient, This method and a
reverse thrust computational procedure ware included in the computer program, The
weight equation was refined and also incorporated in the computer program, A User's
Manual which includes a complete listing of this computer program with detailed

Instructions on its use has heen written and will be published as a NASA low number
Contractor Report.
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SUMMARY

A major outcome of the study sponsored by the Advanced Concept and mission
Division, A.C,M.D, of NASA under Contract No, NAS2-~5885 dated 30 January 1970
and reported in CR 114289 has been the development of a computer program for evalu~-
ating propeller performance, nolse, weight and cost for general aviation aireraft pro-
pellers as a function of the prime geometrie and aerodynamic variables, This program
provides for changes in the activity factor per blade and number of blades, but it was
limited to a single value of invegrated dealgn lift coefficient, This study, Contract No.
NAS2-6477 dated 6 May 1971 and also sponsored hy the A,C.M,D., extends this com-
puter program to incorporato the integrated design lift coefficient as a propeller blade
shape variable, Additional oxtensions to tho computer program which are documonted
in this report are the capability of caleulating propeller reverse thrust and the refine-
ment of the propollor weight equation, A final requirement of Contract No, NAS2-6477
was to describe the complete computer program. This manual is reported in a sop-
arate low number NASA Contractor Report,

In this report the technology is developed for including the capability of varying
integrated design lift coefficient. An existing reverse thrust method has been adapted
for the general aviation aircraft application. The weiglits for 36 additional propellers
over those used in the original study have been defined analytically and used in refining

the weight equation. These technology additions and revisions are incorporated into the
computer program,
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INTRODUCTION

Aviation forecasts for the next ten to fifteen year time period, indicate the con-
tinued steady growth of general aviation, Furthermore, it is apparent that most of
these aircraft, even into the 1980 time perfod will be propeller driven utilizing prima-
rily reciprocating engines with turhine engines coming on as their economies improve,
The attainment of this forceasted growth is dependent upon the contiwed improvement
in the safoty, utility, performance and cost of general aviation aire: aft,

In view of this, a study wns undortaken under NASA sponsorship to derive and
eomputeriza appropriate propoller performance, noise, weight and cost eritoria to
poermit sensiiivity atudies of those factors to be mado for ndvance propeller configura-
tions designeu for goneral aviation aireraft of tho 1980 time period, The results of
this study wore presented in Contractor Report NASA CR 114289, "Advaneed Goneral
Aviation Study " April 1971 (rof. 1), At NASA's roquest o contiact study was under-
tuken to provide u User's Manual which ineludes a complete listing of this compuier
program with detailed instructions on its use. Furthermore the scope of the computer
program has been extended to incorporate the following:

1. Method for varying integrated design lift coefficient (the only prime
blade shape variable not included in the original program)

2. Method for computing reverse thrust
3. Refinement of the weight equation

Thus a reliable computer program has been developed for predicting propeller perfor-
mance (static, flight and reverse), noise, weight and cost for the complete general
aviation aircraft range.

A detailed discussion of the technology developments and incorporation into the
computational procedures of the above extensions to the computer program are discussed
in the following text. The User's Manual which includes FORTRAN IV listings and
input/output instructions will be published under separate cover as a NASA low number
Contractor Report.
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SYMBOLS AND ABBREVIATIONS

1,0
100, 000 ‘b
AF propellor blade activity factor, "'9"6_00'" (ﬁ) x ax
0.158
b blade section width, ft
B number of blades
CLp bladoe scction design 14t coefficiont
1.0
Cry propollor blade integrated design lift coefficiont 4 [ CLp x3 dx
' 0. 16
11
Cp power coefficient, SHP ( po/p) 10
2N3p5
11
CcQ torque coefficient for J= 1,0, SHP (Po/e) 10 !
4m N3pb
LY , 6
SRR B Cr thrust coefficient, 1.614 x 107T (Po/p)
TN LY
S D propeller diameter, ft
e %EI G N -
h maximum blade section thickness
s J advance ratio, 101&%‘,
? M free stream Mach number
- N propeller speed, rpm 11
BN :
| & | PNL perceived noise level, PNdB '
=N b

iy ’ . paebiswaanenii S el N s e
e ———



Qc

SHP

Tc

VK

B3/4

11
torque coefficient for J» 1,0, SHE(Pa/P) 0 s 1
47 N3pb 72

blade radius at propeller tip, ft
radius at blade element, ft
shaft horsepower

propoeller thrust, pounds
1614 x 108 mpap) 1
NAn4 J2

thrust coefficient for J» 1,0,

frecatronm veloeity, knots

fraction of propellor tip radius, r/R

propeller blade angle at 8/4 radius

density, 1b sec2/ft4

density at sea level standard day, 0.002378 lb, soc2/pt

0/6

ratio of absolute temperature to absolute temperature at sea level
T/T,

ratio of static pressure to static pressure at sea level, P/P,
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TECHNOLOGY DEVELOPMENT

Method for Varying Integrated Design Lift Coefficient

In the original report (rof, 1), a performanee method generalization was devel-
oped for predicting static and forward flight performance for general aviation aireraft
propellera,  The horsepowor, thruat, propeller rotational speaed, velocity and dia-
metor aro included in the non-dimensional form of power coofficient, Cp, thrat
confficiont, Crp, and advaneo ratio, J dofined ns follows:

. HHP (pa/p) mlj

Cp
2N3DG
Gy - Le0l4X 1000 (po/p )
' N2p?
;e 101.4 Vg
‘ ND

whora:
SHP - shaft horsepower

Po/P - ratio of density at sea level standard day to density
for a specific operating condition

N - propeller speed, rpm
D - propeller diameter, ft
T - propeller thrust, pounds
Vg - forward speed velocity, knots
Base curves were defined in this non-dimensional form presenting the perfor-
mance of 2, 4, 6 and 8 bladed propellers referenced to an activity factor of 1560 and
0.6 integrated design lift coefficient.
In order to minimize the number of curves and consequently the size and complex-

ity of the computer program, the terms effective power coefficient, Cpp, and effective
thrust coefficient, Cry were introduced, The effective power coefficient and thrust

24




cocfficient aro defined as follows:

@]
=
=
]

= CpxPaopx PCIq

@]
3
I

B CpxTapx TQLi
whera:

Cp - powor eoeffiojent

Par - notivity fnctor ndjustmont to power cooffictont (rof, 1, fig 3A)

PCM - integratod dosign 14t coofficlont, Cr, ndjustmont fnetor to powor
coefficiont (doreribod In Auhsoguont toxt)

G =~ thrust coeffieiont

Tap = activity tactor adjustmont foctor to thrust coofficiont (ref, 1,
flg, 3A)

TCLi - integrated design lift coofflolent,CLl adjustmoent factor to thrust '
coofficiont (described in subsequent text)

In the original report, the base performance curves and the activity factor
adjustment factors, PAj and TAyp were developed and included in the computer pro-
gram, Iurthermore, a limited amount of work was done to establish the feasibility
of goneralizing the integrated design lift coefficiont effect. Under the present study
contract, the integrated design lift coefficient adjustment factor was developed for a
range of 0.3< CLi < 0.8, Blade camber distributions for this range of Cy, are shown
in figure 1, Thus, the base curves while referenced to & basic activity factor and
integrated design lift coefficient, are applicable to the complete range of 2 to 8 blades,
80-200 activity factor and 0,3 to 0. 8 integrated design lift coefficient.

Since it has been projected that general aviation aircraft will be operating at
significantly higher speeds by the 1980 time period, a compressibility factor, Ft for
the base curves of 0.5 integrated design lift coefficient was derived for use with the
base plots presented in reference 1, The thrust is multiplied by the Ft to correct for
compressibility losses. Under the present contract, the Ft correction was expanded
to apply to the complete iange of integrated design lift coefficient of 0.2 tv 0. 8,

The development of the integrated design lift coefficient adjustment factors,
PCLt and 'I‘CLi and the compressibility correction, Ft,as well as their incorporation




into the computational procedures are described in the following toxt

Integrated design lift coefficient adjustment factors - Using the propeller compu-~

tational procedure based on the work of Goldstein as defined in reference 1, caleula-
tions were made for integrated design lift coefficicnt between 0,3 and 0.8, numher of
blades ranging from 2 to 8, and activity factor from 80 to 200, These calculations
were utilized in deriving the adjustment factors, PCL,; and TCL; for the power and
thrust coefficients respectfully. These adjustment factors are dependent on advance
ratio, number of blades, activity factor and integrated design lift coefficient, The
detailed step~by~step procedure incorporated in the computer program {s presented
helow for the cnse where thrust is caleulated for n known shaft horsepower,

1. CPEI - caleulate = Cp x PAR (PAoy = vof. 1 fig, 3A)
2. Ppgy, ~ readfxom figure 2 for the Cpp 1 of item 1 above une! the
proper number of hlades
3. SPI"(JLi - read from figurc 3 for the appropriate J (revision of
fig, 12A in ref, 1)
. 4. Cpg, - caledate = Cpp) X Ppp, X PFOL,
";.sv{*f & 5. PCp; - read from figure 4 for the CpE2 of item 4 and the Cp,
:_1”?’ ™ (expansion of fig, 13A in ref, 1)
s:;* 6. CPE - calculate = CPE1 x PCr,
B
v__“';'afﬁ s Now. the corresponding blade angle, 83/4 and thrust coefficient, CT are obtained
R as follows:
) » ’ 7. B3/4 - read for Cpy, J and appropriate number of blades (ref. 1,
e fig. 4A, 6A, 8A, 10A)
e ‘ 8. CTF - read for J and B83/4 for the proper number of blades
) ’ (ref. 1, fig. 5A, TA, 9A, 11A)
o it The following iteration is required to define the thrust coefficient since
=‘-- :  i Cr = CTR/(TAF x TCL,) and TCy, is a function of CT.
9. Cp - assume
10. CTEI - calculate = Cp x TAF (TAF ref. 1, fig. 3A)
9
ot "4\1.,;
. = 2 ey R P
e ¥ ﬂw“""""“""‘f""’"”‘“ SRRt




w“* ‘ 11, Tay, ~ read from figure 5 for CTE and the appropriate number
sl of hiades 1

S 12, TFCpr, raad from figure 3 for appropriate J (revision of fig, 12A
. o in ref. 1)

13, CTEz calculate = CTE1 X TFCI41 x TRy,

M 14, TCLi -~ read from figure 6 for CTEz and CL1 (expansion of fig.
' 14A in ref, 1)

15. CR

i

caleulate = CTEI X 'I‘CLi

Items 9 through 16 are repeated until the C'IE in item 16 oquals the Crp in
item 8, Compute the thrust corresponding to the final assumed Cr of item 9.

S A similar procedure has been included in the computerization for the case where
3 : shaft horsepower is caleulated for a known thrust with the iterative proceso required 1
to define Cp and subsequently the corresponding SHP,

Compressibility factor, - The compressibility correction included in reference 1
was extended to span the complete integrated design lift coefficient range, The same
computations as those used in developing the integrated design lift coefficient adjust-
ment factor were used in developing the compressibility factor, A eritical Mach
number, McRIT for each value of advance ratio, J,has been defined as the limiting
S DA free stream Mach number at which no compressibility losses are encountered
e (fig. 7). Similar MgRrT limits for J equals zero are shown on figure 8. If the free
:_ji# "j'_~ stream Mach number exceeds the critical Mach number, the compressibility factor,

g Ft is obtained (fig. 9). Ft has been derived as a function of C7 instead of Cp as
defined originally (ref, 1) since it simplifies the computational procedures when
the thrust input option is used. The compressibility factor, Ft is obtained as follows.

1. M - airplane Mach number, compute
7ND

s T o e 170
S ‘ ' ~ VK fC
L # M = m J >0
i where:
-
. N - propeller rpm
e D - propeller diameter, ft.
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fc - ratio of speed of sound at standard day sea level to speed of
sound at operating condition

VK =~ free stream velocity, knots true ajrspeed

2. Mggir - read from figure 7 forJd >0 and figure 8 for J = 0
for CLi (expansion of fig, 15A in ref, 1)

3. AM-Mgcpyy) - ealculate where M is the free stream Mach number
4, CTE3 - enleulate = Cpx Tpp x Tgr, x TCry

5, It ~ read from figure 9 for CTE-; and A (M-M(RIT)

Mecthod for Computing Reverse Thrust

Aircraft incorporating propellers with the reverse thrust feature have the capa-~
bility to limit the iunding ground run to significantly shorter distances than with wheel
brakes alone. The propeller normally operates at a fixed reverse blade angle setting
throughout the ground run operation and the reverse angle is selected to ahsorb normal
rated power and speed at zero velocity. Occasionally, the reverse blade angle setting
is based on a partial throttle setting instead of full throttle. Therefore, the option
of computing reverse angle and the corresponding reverse thrust, horsepower and
propeller speed for a range of velocities spanning the ground run speeds based on
operating at several throttle settings is included in the computer program. With this
data (fig. 10), the corresponding landing distances can be computed and accordingly
the appropriate reverse angle and power setting can be obtained.

The analytical method for computing reverse thrust is based on an existing
Hamilton Standard procedure which was obtained by generalizing all available propeller
test data. The shaft horsepower, thrust, propeller rotational speed, velocity and
diameter are included in the non-dimensional form of torque coefficient, CQ or Qc,
thrust coefficient, Cp or Tq, and advance ratio, J defined as follows:

;- BLavy
ND

_ SHP (po/p) 1011 for J< 1.0
4r N3p3

Cq
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_ SHP (o/p) 10™ < 1

Qc gl for J>1.0
41 N3P J2
6
Cp = 1.614x106 T (po/p ) for J< 1.0
N2p4
6
7o = LBUx16T(Ap) L1 for 7>1,0
N2D? 32

SHP -~ shaft horsepower

Po/n -~ ratio of density at sea level standard day to density for a specific
operating condition

N - prbdpeller speed, rpm
D - propoller diameter, ft
T ~ propeller thrust, pounds

Vi -~ forward speed velocity, knots

Base curves have been defined in this manner for a 3 bladed, 100 activity factor,
0.4 integrated design lift coefficient propeller. The terms effective torque coefficient,
CQE or QCE, and effective thrust coefficient, Ctg or TCg, are used. As with the
forward flight generalization, these base curves with appropriate adjustments for AF,
CL; and number of blades can be used in predicting reverse thrust characteristics
for the family of propellers spanning 2 to 8 number of blades, 80-200 AF, and 0.3 to
0.8 Cr;. The effective torque coefficients and thrust coefficients are defined as follows:

Cqg = TCQ x (3/B)0-83 x QAF] - ACQE2 (PCR/100)  for J<1.0

Qcg = |Qc (3/B)0.83 ¢ QAF] - AQCg, (PCR/100) for J>1,0

Crg = |Crx (3/B)0. 83 ¢ TAF] -~ ACppo (PCR/100)  for J< 1.0

Tcg = [TC x(3/B)0. 83 x TAF] - ATgp, (PCR/100) for J>1,0




whero:

Cq

(3/B)0- 83

ACQRg

PCR

QC

torque coefficient for J<1,0
number of blades, B,adjustment
activity factor adjustment factor to torque (fig. 11)

integrated design lift coefficient adjustment factor to
torque for J< 1,0 (fig, 12)

percentage of integrated design lift coefficient adjustment
factor to use (fig. 13)

torque coefficient for J= 1,0

The base torque performance curves are shown on figure 14.

AQcpg

Cr

- integrated design lift coefficient adjustment factor to
torque for J >1.0 (fig. 15)

~ thrust coefficient for J< 1.0

The base thrust performance curve is shown on figure 16.

TAF

ACTE2

T¢

ATCE2

activity factor adjustment factor to thrust (fig. 17)

integrated design lift coefficient adjustment factor to
thrust for J< 1,0 (fig. 18)

thrust coefficient for J >1.0

integrated design lift coefficient adjustmcit factor to
thrust for J > 1.0 (fig. 18)

Computational procedure. - Using the method described above, the reverse angle

is computed for zero velocity and a SHP and RPM corresponding to a specific throttle
cetting and the pressure and temperature condition associated with the airport. With
the angle so defined, the SHP and RPM and the corresponding reverse thrusts are
computed for the range of ground run velocities., It is reasonable to assume that

for reciprocating engine installations SHP/N remains constant throughout the complete
reverse range and that for power turbine installations, SHP remains constant for the
turbine speed range encountered during landing,

13




For each

throttle setting at zero velocity the following calculations are made to

compute the corresponding reverse angle.

1.

cQ - oalculate for given SHP and RPM

QAT - read from figure 11 for the specified AF and CLl

(3/ B)O‘ 83 . number of hlades, B adjustment, computed

ACQRa ~ read from figure 12 for J=0 and specified Ciy

PCR - 100 for J = 0

CQpa - caleulate (Cq x QAF x (3/B)0- 83) - Acq ., x (PCR/100)
B3/4 - reuad from figurc 14 for CQpand J = 0

For a range of J's the following calculations are made to define the RPM and
power rolationships over the landing run rangc.

8.

9'

10.

11,

12,

noting that

) - advance ratio, assume a range of J's

CQrp or - ifJs1.0, read CqE for J (item 8) and reverse

QCE B3/4 (item 7) and if J >1.0, Qcp from figure 14
ACQpg or - if J<1.0, read ACQEy from figure 12 or AQCgg from
AQCE2 figure 15 if J >1.0 for CLi and J
PCR ~ read from figure 13 for 83/4 and J<0,9; for J>0.9,
PCR =0
Cq - calculate where
cq = CQE + ACQpa X (PCR/100) for J<1.0
QAT x (3/B)0- 83
CQ = Qe x J2
cq = <QCE + AQC R, X (PCR/100 ‘) for J>1.0
QaF x (3/B)0- 83

14




For turhine engine installations, go to item 15, For aircraft with reciprocating
engines, SHP/N remains approximately constant throughout the complete reversing
cange. Therefore,

C
13, N - propeller rpm is calculated = RPM; 'E%L 1/2
2

whore subscription 1 refers to item land subseript
2 to item 12

SHP1 x RPM2

14, SHP ~ onleulnte - RPM

where subseript 1 refers to item 1 and subseript 2
to item 13, Go Lo item 17,

IFor aireraft with turbine engines, SHP remains approximately constant and therefore

1/3
15, N - propeller rpm is calculated = Rl’Ml(%%L)
2

where the subscript 1 refers to item 1 and subscript
2 refers to item 12

16, SHP - same as used in item 1 .

The corresponding velocities and reverse thrusts are computed as follows:

17. Vg - forward speed velocity in knots = 3—)1(-(-)-1-\11—’%2

for J (item 8), N (item 13 for reciprocating engine and
item 15 for turbine installations), and D is propeller
diameter assumed in item 1,

18. CTE or - ifJ< 1,0, read CTE for J (item 8) and reverse
TCE B3/4 (item 7) and for J >1.0, Ty, from figure 16
19. TAp - read from figure 17 for appropriate AF and Cry
20, ACTE2 or - ifdJ<1.0, read ACTE2 and if J >1.0, read ATCE2 [
ATCpo from figure 18 for CL,; |
|
21. Cr - calculate where l
Cryp + ACTp, X (PCR/100) |
Cp = for J<1.0

Tap x (3/B)0. 83

15
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Noting that Cp = T x J2, then

TaAF x (3/B)0.83

0.661 x 10-6 N2p4
Po/p

)) J2  for I» 1.0

22, Thrust - ealeulate =

Thus, from the somputntions described above, reverse thrust, propelloer speed,
the horsepower ean be plotted veraus ground run velocities for reverse angles cor-
responding to specific throttle gettings similar to the plots on figuro 10, Then, utilizing
standard methods the corresponding landing runway distances can he computed and the
appropriate roverse angle and throttle sotting selected,

Refinemont of Weight Generalization

The generalized welght equation used in the previous general aviation study
(ref. 1) was derived using weights of current high tip speed propcllers as a basis.
Five classes of aireraft are defined in reference 1, and the propeller categories that
correspond to each are as follows: category I - fixed pitch; category II - constant
speed; category III ~ constant speed, full feather, deicing (for light twin engine air-
craft); category IV - constant speed, full feather, deicing (for medium twin engine
aireraft); category V - constant speed, full feather, deicing, reverse. Comparison
of calculated design weights of a low tip speed 1980 technology propeller in each of
categories II, IV and V with equation weights revealed sufficient discrepancy to make
equation weight suspect over a wide tip spced range. As a result, this study was
conducted to refine the generalized weight equation to provide reasonable accuracy
for propellers encompassing a wide range of tip speeds.

Design weights were estimated for twelve 1980 technology propellers in each of
categories II, IV and V for a total of thirty-six propellers. These propellers were
selected to span tipspeed, activity factor and number of blades ranges shown in Table
I. Propeller diameter, shaft horsepower and maximum flight Mach number were
held constant for each category. Propeller weights were determined by calculating
the weight of each sub-assembly using empirical equations and judgement based on
experience with existing propeller families. The sub-assemblies included blades,
blade retentions, barrel, nitch change dome and mechanism and fluid,

These propeller weights were plotted versus activity factor and tipspeed. The
appropriate equation constants were modified to provide correlation of equation weights
with the calculated weights within ten percent accuracy. The exponents generalized
for the 1980 propellers are also applicable to the 1970 propellers with the difference in
technology for the two eras being reflected in the constant. Constants were derived

for categories I and III based on actual 1970 propeller weights and the generalizations
for the other categories.

16
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The modiried generalized weight equation with variations in constants and
exponents for the five aireraft categories is shown on Table II, The significant modifi-
cations to the equation are: (1) increased value of the activity factor exponent in
categories I and IT reflecting the greater proportion of blade weight in total weight of
the simpler propellers, (2) decreased value of the tip speed exponent in all categories
and (3) the addition of exponents to the counterweight equation for greater acecuracy,

A comparison summary of representative 1970 actual propeller welghts versus
weights ealeulated from the generalized oquation is shown in Tablo I1I, A summary of
1980 propeller ealenlated welghts versus genoralized equation weights is shown in
Table I It can ho seen from ‘T'ubles I and 1T that generally there is very good agroo-
ment betweenweights computed by the weight genoralization oquation and the actual
woights,

The revised wolght generalization doviatos the furthest from the previous welight
generalization for entegory 11 propellers since as was shown on Table X in reference 1,
the generalization was the wenkest for that elassifieation, Therefore, the weights and
consgoquently the costs for the sensitivity studies for cutegory II (rof, 1) should be
significantly higher., Furthermore, the weight and cost versus tipspeed curves should
have less slope for all five categories.

In the previous study (ref. 1) a generalized cost equation was derived which is
a function of propeller weight. Three propellers representative of the 1980 time
period were design costed. A comparison of the costs based on these defined by the
weight generalization and those on the design cost were made and tabulated on Table
XII (ref. 1), The agreement between the two sets of costs ranged from 6% low to .
21% high. The costs based on the weight equation were recalculated due to the revised
weight equation and a similar comparison was made. An inspection of Table IV shows
that the costs computed with the generalized cost equation now agree from 7 to 15%
low and thus the cost comparison has been significantly improved.

The refined generalized weight equation of Table II provides a useful tool for
estimating propeller weight for any general aviation aircraft installation in this decade
with reasonable accuracy. However it must be remembered that parameters other
than the basic geometric and performance characteristics used in this equation effect
propeller weights., These are variations in propeller environmental temperatures,

type of control system and the degree to which individual manufacturers design for
minimum weight.

Input/Output Additions to the Computer Program

It is not the intent to repeat the detailed input/output instructions for the computer
program presented in reference 1 but to define the additional input required to use the
extensions to the computer program developed under this contract and to present
sample output sheets for demonstration purposes.
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The following additional input is required to include the integrated design lift

cocfficient variation option,

1. Initial integrated design lift coefficient, CLi

2. Increment of CLl if a range of CLi i8 to be computed

3. Number of CLi'S

The input for the weight generalizations remain tho same,

To nse the option of computing roverso an

input I8 roquired

10,
11,

12,

Option - 3

Spoelfy engine - reelproenting or turhine

Option of including reverse anglo or caleulating it

SHP at zero veloeity, full throtile sotting

Reverse angle at 3/4 radius if this option is selected in 3
RPM at zero velocity, full tarottle setlting

Initial throttle setting

Increment of throttle setting if a range is to be calculated
Number of throttle settings

Landing touch down speed, knots

Temperaturcs, °F

Altitude, ft.

Specific input instructions are included in the User's Manual and will be
discussed in the following section,

A sample output for a forward flight performance condition were integrated
design lift coefficient, and tipspeed are varied is shown on figure 19, A typical

reverse thrust computation for g

18

range of throttle settings is presented on figure 20

glo nnd veverse thruat, the following
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USER'S MANUAL

A User's Manual has heen prepared for the computer program and will be pub-
lished ns n separate report (ref. 2). A summary of what is included in the User's
Manual {s presented helow,

A hrief deseription of the technology incorporated in the computor program for
predieting propeller porformanco, noine, weight and cost is presented,

Detafled Input and output instroctions aro given for mnking nany of the following four
avallable porformance computations, I'teat, for n given ongino, the operating condition
I8 defined with the horsopowor and the coreosponding thrust {8 computed, Socond, for
A givon propollor thrust requiromont, the thrust s Included s tnput und the horao-
powor {a computod, thus Indleating ongine sizo, Third, for aporating conditions de-
fined by horsepowoer or theust, it s poassible to define the tipepoed corposponding to
H0% atall,  1his would he the Lipspood for minimum noiso, Ifourth, rovorso piteh
mglo mad the corrosponding rovorso thrusts for o range of landing ground roll volog-
itlos operating at the fixed rovorse plteh ungle are eomputed, 'I'he corresponding
noise (PNL), wolght and cost for the first three options are somputed,

A complete listing of the computer program which has been coded in FORTRAN
IV for the IBM Systom/370 is presented,  Detalled input and output instructions are
included as well as o list of orror messages, Portinent sumple cases of input and .
output arc shown, r
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2.

CONCLUDING REMARKS

1, The integrated design lift coefficient variation was successfully developed.

2. A roverse thrust computational procedure was developed based on an
existing computational procedure,

3. The woight equation waa refined fo prodiet propeller weights to an aceurany

4. Tho aecuracy of the ostimate eost equation {mproves with the improvemant
in tho woight oquation,

B, The computor progrim was updated to include tho nhove noted extensions.,

G. A Usor's Manunl which ineludes Hstings and dotailod input/output instruc-
tions was written,
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TABLE

WEIGHT SUMMARY OF PROPELLERS STUDIED FOR 1980

Mach No, Dia Welght (Lha)
Claga No. Blades (Ft) A F, SHP RPM Est. Eqnation
1 0,262 4 8 100 300 9656 103 94
1310 111 104
1670 120 113
160 9606 134 134
1310 148 160
1670 147 163
200 966 173 174
1310 202 194
1670 231 211
3 160 9606 108 110
1310 122 123
1670 136 133
v 0,328 3 9 100 340 956 104 104
1230 110 112
1480 116 121
150 956 143 148
1230 151 159
1480 159 169 . r
200 968 195 195
1230 206 208
1480 218 218
4 150 956 189 184
1230 200 197
1480 211 208
\" 0,368 4 10 100 650 860 171 164
1190 180 180
1625 193 195
150 860 216 218
1190 234 240
1525 2569 259
200 860 263 267
1190 287 294
1626 318 317
3 150 860 171 178
1190 186 196
1526 214 212
26




GENERAL AVIATION

Generplized Propoller Welght Equation:

2 0,7 u v 0.12
i D B . A.F, ND S8HP . 0.6 ‘
W I:W (10) (4 ) (100 ) (20,'000) (1 2) (M+1) + CW

Where:

Wi = Prop, Wet Weight, lbs, (excludes apinner, deicing & governor)
D = Prop, Dia, Ft,

B = No, of Blades

AP, Blade Activity I'notor

N = Prop, Speed, RPM (take~off)

SHP Shaft Horsepowoer, HP (tako-off)

M = Mach No, (Design Condition: Max Power Cruise)

2 2\ 2 0.3
\ D A1, 20,000 e R
Cw =V (W) (B) (100 ) ( NG ) = Counterweight Wt,, lbs.

Kw, Cw:. u, v and y values for use in the weight equatio: are taken from table below:

Aircraft Technology
Class 1970 1980 Kw u y Y
I (1) (1) (1) 170 V.9 0.35 0
Al (2) (2) (2) 200 0.9 0.36 0
III (3) (3) (3) 220 0.7 0.40 5.0
Iv (3) (4) (4) 190 0.7 0,40 3.5
v (3) (5) (5) 190 0.7 0.30 0

Propeller types associated with above Ky and Cyy are as follows:

(1)  All fixed~-pitch props

(2)  Mec Cauley non-counterweighted, non-feathering, constant speed props

(3)  All Hartzell, all Hamilton Standard small props, and feathering Mc Cauley
(4) Fiberglass-bladed, constant speed, counterweighted, full feathered

(8)  Fiberglass-bladed, constant-speed, double-acting (non-counterweighted), full feathered,
reverse
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o TABLE 1V

O, E.M, SINGLE UNIT COST SUMMARY OF

REPRESENTATIVE FROPELLERS FOR 1980

o Generalized Calculated

—-a Equation Design Cost
. Cost, Cost Variation
N Category $/1h $/1b %
Il 27 20.1 i
v 35 18,5 +10

e v 35 41,2 +16

........

bl
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2.4

2,0

TEGRATED DESIGN s
FT COEFFICIENT

POWER ADJUSTMENT FACTOR, PCj j

e ——
0.6 - —
0.8 0.7
08
0.4
0
0 0.2 0.4 0.6 0.8 1.0

EFFECTIVE POWER COEFFICIENT, CPEZ

FIGURE 4, INTEGRATED DESIGN LIFT COEFFICIENT ADJUSTMENT TO POWER
COEFFICIENT FOR 4—BLADED PROPELLERS
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Q¥3Z NVHL d3LVIND OLLVY FONVAQY HO4 439NN HOVIA TTVIOLLIND °Z 3¥N9ld

r "OlLvd IONVAQY
ey £°r o'r 8°c 2°¢ 32 v'e 0°¢ 9°i A} 80 v°0 0

g
N
3
(=]

~
-

36

<t
o
LI8dp *ON HUYW IV DILIY
o

270 _ \l\\\\\\\ S0 m
o —— -

AINIIDI44300 L4177 €°C
NUISEQ QI LVIIILNI

| | o e




.0 —— .

0.9 3\

0.8

CRITICAL MACH NO., McRIT

0.7

0.3 0.4 0.5 0.6 0.7

INTEGRATED DESIGN LIFT COEFFICIENT, CL
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CATEGORY V
3 BL.ADES/109 AF/0.509 CL.-
il J
1200 w %§
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2 /
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>
w
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2.9°, 100% THROTTLE SETTING
500 — q
o
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FIGURE 10. EXAMPLE REVERSE THRUST VARIATION WITH LANDING
3 SPEED AND POWER SETTING
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TORQUE COEFFICIENT ADJUSTMENT. Qafp
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FIGURE 11. ACTIVITY FACTOR ADJUSTMENT TO TORQUE COEFFICIENT
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- HAMILTON STANDARD COMPUTER DECK NO. H432
COMPUYES PERFORMANCE,NOTSF,WEIGHT,AND COST FOR
GENERAL AVIATION PROPFLLERS
1 CLASSIFICATION 5 AIRPLANE SAMPLE CASE |1
2 REVERSE THRUST OPYION

REVERSE THRUST COMPUTATION

RECIPROCATING ENGINE

-

NOFMAL RAVEC SHP = 5§50,
NORMAL RATED RPM = 2200.

TOLCH DOWN V-KNQOTS = 72.

NUNQER OF BLADES= 3, ACTIVITY FACTOR=109. INTEGRATED CESIGN CL=.509

. VTHROTTLE REVERSE REVERSE
"7 " DTAJFY SETYING ANGLE V-KNCYS THRUST SHP RPM
T §.S 100. ~-12.9 c.0 524, 550. 2199,
’ 10.0 615, 547. 2188,
20.0 T14. 543, 2172,
30,0 az22. 538. 2151,
40.0 938. 531. 2124,

50,0 1059, 823, 2092.
60,0 1179. 514. 2056,
70,0 1313, 503. 2013, M
12.0 1342, 50l. 2004,

8.5 ano ‘11.2 0.0 380. 440- Zlqao
10.0 468, 437. 2187.
20.0 565, 434, 2170.
3c.C 673, 43C. 2149,
40,0 790. 425, 2124,
50.0 9113. 419. 2093,

60,0 1035. 412. 2059,
70,0 1173. 404. 2019,
2.0 1204. 402, 2010,

8.5 60. -9.2 0.0 208. 330. 2200,

10.0 293, 328. 2184,

20.0 388, 325. 2165,

30.0 495, 321. 2143,

i 40.0 612. 3is., 2117,
50.0 737. 313, 2087.

“ 60.0 861. 308. 2054,

T 70,0 1002. 303. 2018,
. 72.0 1035, 302. 2010,

FIGURE 20. SAMPLE CASE Il OF COMPUTER PROGRAM OUTPUT
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